This study aims to examine incidence, characteristics, and trend of ADR-related admissions at one tertiary care hospital in Thailand during a five-year period
INTRODUCTION
According to the World Health Organization (WHO), ADR is "a response to a drug that is noxious and unintended and occurs at doses normally used in man for the prophylaxis, diagnosis or therapy of disease, or for modification of physiological function" 1 . ADR is a common public health problem leading to considerable morbidity, mortality, and extra costs [2] [3] [4] . Detection and reporting ADR is crucial for improving and monitoring drug safety 5 . According to a review of the 25 prospective studies, prevalence of ADRs among hospitalization patients was estimated at 5.3% 6 . Nevertheless, more recent reviews found that prevalence of ADR related hospitalization was approximately 17% 7 while ranging between 0.1% to 54% 8 . It should be noted that findings from the reviews [6] [7] [8] indicated high variation in prevalence of ADR across studies. This variation could possibly be explained by methodology used for ADR, methodology quality, settings, and population [6] [7] [8] . With respect to ADR identification methods, intensive methods for ADR detection such as medical chart review or intensive monitoring consistently found higher prevalence *Corresponding author: montarat.tha@mahidol.ac.th
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Pharm Sci Asia 2017; 44 (3), [142] [143] [144] [145] [146] [147] [148] [149] [150] [151] [152] [153] rates for ADRs than analysis of database and spontaneous reporting [6] [7] [8] [9] . Nevertheless, medical chart review and intensive monitoring require high resource and technical intensive. In contrast, spontaneous reporting is a major method used globally to identify and to monitor ADRs. Although it is the easiest and cheapest method underreporting 10 and poor quality reports 11 are major concerns of this method.
Similar to spontaneous report, the use of administrative database required few resource and financial burden but resulted in higher rate of ADR detection. As the result, administrative database has substantial potential to be continuously used to monitor ADRs for national perspective as supplement to established methods such as spontaneous report. In fact, the use of hospital administrative data is proven to be a reliable and valid method for monitoring patient's safety in several developed countries [12] [13] [14] [15] [16] [17] [18] [19] . To our knowledge, no study has been conducted to determine the prevalence of ADR among hospitalized patients in less developed country using administrative database before.
As compared to other countries, incidence of ADRs among hospitalized patients in Thailand was also high ranging between 1.7% to 22.6 % depending on methods, study settings and also study population 20 . It should be noted that all previous studies conducted in Thailand to examine prevalence of ADR among hospitalized patients [21] [22] [23] [24] [25] were short-term studies conducted using intensive ADR monitoring method in a few wards. Similar to many countries, spontaneous reporting system is a major method for ADR identification in Thailand. The aims of our study are to examine incidence and characteristics of ADR-related hospital admission using routine administrative database at one tertiary care hospital in Thailand, and to compare the incidence of ADR-related hospital admission identified using routine administrative database and spontaneous report.
MATERIALS AND METHODS

Study design
A retrospective study was conducted using hospital administrative database of one tertiary hospital in the northern region of Thailand during 2007 to 2011. The database is maintained by the hospital and is used for reimbursement purpose. The database contains information on patient identification, age, gender, admission date, discharge date, diagnosis relate group (DRG), and ICD-10 th of all patients admitted to the hospital. This study was approved by the Mahidol University Institutional Review Board (MU-IRB), Thailand.
ADR identification
From 2007 to 2011, ADR-related hospital admissions were identified using the ICD-10 th code which contained the following keywords: "adverse drug reaction, "drug-induced", "due to drug", "due to medicament"), as shown in Table 1.  ICD-10 th code Y40-Y59, which are the additional codes used to indicate an "external cause" relevant to drugs were also used to identified ADR related admission (Table 2 ). This excludes accidental or intentional poisoning due to drugs. Duplicated records were removed by matching date of birth, gender, date of admission, and date of discharge. Data on spontaneous ADR reporting during the study period were also obtained from the hospital to calculate the incidence of ADR-related hospital admissions.
Incidence of ADR-related hospital admissions and characteristics of ADR-related hospital admissions were analyzed using descriptive statistics (frequency, percentage, mean± standard deviation). Data were analyzed by Microsoft Access version 2013 and Microsoft Excel version 2013.
ICD-10
External cause mortality/ morbidity by: 
Y40
ICD-10
External cause mortality/ morbidity by: Table 2 . ICD-10 codes (primary diagnosis codes) for "adverse drug reaction", "drug-induced", "due to drug", "due to medicament" or "drug allergy" causing adverse effects in therapeutic use Includes: fetal distress in labour or delivery due to drug administration P P58.4 Neonatal jaundice due to drugs or toxins transmitted from mother or given to newborn P93 Reactions and intoxications due to drugs administered to fetus and newborn Grey syndrome from chloramphenicol administration in newborn R R50.2 Drug-induced fever Table 3 summarizes the annual number of total admissions, incidence and the number of ADR-related admissions identified from administrative and spontaneous report, as well as incidence and the total number of deaths among patients with ADR-related admissions. During the 5-year study period, there were 283,070 admissions and 7,756 admissions with diagnostic code indicative of ADRs (2.74%). Of these, 3,780 (1.34%) were "drug induced" codes and 3,976 (1.4%) were "external cause". As shown in Table 3 , during the 5-year study period, incidence of ADRs was increasing from 
RESULTS
Incidence and 5-year trend of ADRrelated hospital admissions
DISCUSSIONS
Incidence of ADR-related hospital admission, identified using administrative database was estimated at 2.74%. Our findings are in line with that of the previous review in which the rate of ADRs ranged from 0.16% to 15.7% 6 . Our findings are also in line with previous studies that use similar method to identify ADRs but slightly higher: Spain 1.69% 12 , England 0.5% to 0.9% 15, 19 , Portugal 1.26%
14 . However, it should be noted that previous studies were conducted nationwide while our study was conducted in one tertiary care hospital so the rate might be higher due to the use of more complex medications compared to other types of hospitals. Nevertheless, when compared our results with those of the previous studies in Thailand [21] [22] [23] [24] [25] , which found that incidence of ADRs among hospitalized patients varied widely ranging from 0.07% to 38.64%, our detection rate was relatively low. It should be noted that method used in the previous studies were chart review while in this study administrative database was employed. Difference in method used to identify ADR may account for this difference. Nevertheless, we believed that the detection rate in our study may still under-estimated due to under-recognition and under-reporting of ADRs in routine hospital activity. However, when compared with the spontaneous report, our study confirmed that administrative database yields higher detection rate of ADRs than spontaneous report 9 . In this study, about 286 % increase in incidence of ADR-related hospital admission was detected when using administrative database (2.74 %), as compared to spontaneous report (0.71%).
When looking at trend of ADRs, similar to the previous studies [14] [15] [16] 19 , we found that incidence of ADR-related hospital admission was increasing, which might be due to the introduction of new drugs, poly-pharmacotherapy, increasing aging population, and improvement of diagnostic and coding practice.
When looking at the major drugs groups most frequently associated with ADR, we found that hormones and their synthetic substitutes and antagonists e.g. insulin (Y42; 23.99%), systemic antibiotics (Y40; 13.23%), agents primarily affecting blood constituents e.g. anticoagulant (Y44; 12.60%), systematic agents e.g. anti-neoplastic and immunosuppressant (Y43; 9.26%), and analgesics, antipyretics and anti-inflammatory drugs (Y45; 6.46%) were the most involved drug groups. Our findings are broadly similar to the previous studies 12, 15, 19 , which found that systematic agents particularly neoplastic drugs, analgesic drug, cardiovascular drug, antibiotics, anticoagulant were the most common drug classes associated with ADRs. The findings were also consistent to those previous studies in Thailand which found that antibiotic were the most involved drug classes 20 . However, it should be noted that the total number of drug prescribed was not available so direct comparison of the total number of ADRs associated with the class of drugs may not be appropriate. In addition, the important limitation of the external cause code in terms of the lack of specification of drugs or the broad grouping of drugs used (e.g. anticoagulants, antithrombotic drug, blood products and plasma substitutes were all grouped in code Y45) should be noted.
When considered the most common ADRs identified by drug-induced codes, our study found that drug-induced neutropenia, druginduced hypoglycemia, generalized skin eruption, toxic liver disease with hepatic necrosis, and hypotension were the most common ADRs identified from database. This is consistent with the major drugs groups most frequently associated with ADRs identified from external code as neutropenia was common side effect of antineoplastic drugs and systematic antibiotic while hypoglycemia was common side effect of insulin. In addition, our findings were similar to those of the previous study 14 , which found that neutropenia, hypoglycemia were the common ADRs found from hospital database. According to our results, caution should be made to monitor safety among patients who were prescribed with those drugs.
In contrast with previous studies 4, 6, 15, 19 , which found that incidence of ADR-related hospitalization was quite high among elderly, our study found that incidence of ADRs among elderly was similar to those of the adult population. Nevertheless, it should be noted that direct comparison of the total number of ADR in each age group may not be appropriate as the total number of elderly patients and adult patients were not taken into account in the analysis. When looking at gender, consistent with the previous studies 4, 15 , we found that ADRs occurred slightly more frequent in female than male. It has suggested that pharmacological, immunological and hormonal differences and the fact that women take more medications may explain this gender difference 26 . It should be noted that our study was conducted in one tertiary care hospital in Thailand.
Generalization of the findings to other settings should be made with caution. Another limitation is inherent to the use of administration database, which often contain inaccurate coding and incomplete information on ADR as they are used primarily for administrative purposes, they may be less concerned with accurate recording of ICD. In addition, as the database was used for reimbursement purpose code creeping (distorting DRG codes towards those with higher reimbursement) may also occur. Finally, further evidence on economic burden of ADR related hospitalization is clearly need to bring attention of hospital administrators and health care policy makers to improve patient safety as well as to save this unnecessary cost.
Our study was the first study in less developed country examining incidence of ADR-related hospitalization at one tertiary care hospital using hospital routinely administration database. We confirmed that administrative database is useful and easily accessible method to determine proportion of the adverse events caused by drugs in less developed countries. At present, the Thai national database aggregating data from all patients admitted to each hospital in Thailand, who were Universal health Coverage and Civil Servant Medical Benefit Scheme beneficiary, which accounted for 80% of total population is available. As it is mainly used for reimbursement purpose it contains useful information related to ADR monitoring such as: age, gender, admission date, discharge date, hospital, ICD-10 th , Diagnosis Related Group (DRG). As the result, administrative database could be used to routinely monitor ADRs for national perspective as supplement to spontaneous reporting, which is currently used as a major surveillance mechanism to monitor ADRs in Thailand. As many less developed countries are moving towards Universal health care coverage, administrative database will be developed and made available for reimbursement purpose. Furthermore, future integration of computer systems within hospitals and the expansion of electronic prescribing and electronic health records in less developed countries will also make administrative database a more practical tool for pharmacovigilance at national level.
